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INITiAL aCPERIhWW4.L IP~VESTIGATION OF "YE AERODYi'EMIC LO-AD 

ON TEE 'JiNG O F  A MODZL CAUSED j3Y A BLCIS'i"INIIUCE3 

GUST TEA?? INCRERSES THE A N G U  OF ATTACK 

INTO TH!3 S " U  REGION 

By Ihrold B. Pierce  end Thorns D. Reisert 

sma@xY 

An ini t ia l   experixentel   invest igat ion has been  completed  on the  aero- 
dynzzic  load  ixposed on the  wing of en elqlarie nodel by a blast-induced 
gust which increased  the  angle of  a t tack  well beyond the stall  angle. 
Pressure  distributions a t  intervals  of 1 millisecond were derived from 
t ine  his tor ies   of  resultar-t pressure  reaswed a t  10 s ta t ions  along the  
wing chord. Comparison of these  distributions  with  distributions  obtained 
from steady-flow  wind-tunnel tests and potential-flow  calculations showed 
t h e t  neltker of t i e  l a t te r  xethods was adequate t o  predlct  the loads i n  

sure was disclosed that is believed  to be of significance  for  the  high 
angle-of-attack case. It was a t t r i bu ted   t o  e vortex  r'omed by t h e  d i f -  

obtaified from the   f l ight   pressure  dis t r ibut ions were approximteiy twice 
those predic';ed from wind-tunel tests for the first 12 xl l l iseconds 
e-tter b l a s t   a r r+va l  or for zbout 75 percent of the tfne the  angle of  
a t tack was EtSove t i e  stall. 

. the trvlslent  conditions of the blast.  A t ravel ing peak of  negative  pres- 

I f ract ion of t he   b l a s t  wave around the wing. The normal-force  coefficients 

INTXODUCTIOPS 

A blast-induced  gust i s  highly  transient a d  produces extrexely 
rapid changes in   angle  or' a t tack  of the wing tha t  mzy go well beyond 
the  s ta l l  =@e. Atten9ts t o  estixate l l f t  and moment under  such con- 
d i t ions  of t r m s i e n t  flow  by the  use of  steady-flcw  theory and experi- 
ment, as w e l l  as the   select ion of uns tedy- l i f t   func t ions  for sone of 
the  conditions, would cer t s in ly  be OF doubtfa1  success. As a r e s u l t  
of these  uncertainties,   the NACA has  inaugurated.  experinents  with air- 
plane models subjected t o  Ectuel  blest-induced  Wsts  to  obtain  infor- 
mation on the  maximum li?t coeff ic ients   a t te inzble  vhen t h e   m g l e  or" 
e t tack  goes beyond the  steady-flov stell angle and on the  proper 
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select ian of the  unsteady-lift  function when senaration  does  not  occur. 
The eqerimental  work Ls aerformed at Wallops Island, Ve. 

The purpose of t h i s   r e so r t  i s  t o  present  the first pressare- 
distribution  deta  obtained  durrng  prelbZ.nary ex-perinents made prixartly 
t o  develop  tezhncques and es tab l i sh   the   re l i&bi l i ty  of the   resu l t s .  
These data Tu’ere o3tai2ed &-ring three reseat f l l g h t s   t o  examine rn-zximum 
l i f t  for  the  condition  in vhFch the  blest-icduced g ~ s t  ini t ia l ly   increased 
the  axale of attack  about  four  tines above the steady-?low s t a l l  angle 
of the model. The large mgle-0I”attacl.E change wzs chosen to   insure   tha t  
not ocly  wocld the tmximum angle of a t tack  in   the gust be in  the  steady- 
flov stall region  for   the model, but t ha t  it also would be at l e a s t   t w h e  
the   s t a l l   ang le  fo r  the  ful l -scale  wing section. 

a 

drag  coefficient 

l i f t  coefficient 

pitching-monent coefficient 

noml-force  coeff ic ient  

resultaqt  nressure, lb/so_ in .  

dynenic p re saxe ,  lb/sq in .  

gust  velocity, ft/sec 

forward velocity, ft/sec 

argle of a-lteck,  deg 

TEST PROCEDURE 

The 9rocedzre used i n   t h e  experiments  consists of laanch5ng a model 
Fntc Free f i i g h t  by - s e  of E rocket and su3jecting it t o  a &st induced 
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by the blast wave from e c h r g e  of  high  explosive.  Pressures a t  10 sta- 

resultent  pressure  distributions are compared with  wir?d-tumel measure- 
ments en& the results ol" steedy-flow  calculations. P.tasuren;eni;s or" the 
t ine  his tory of blest   pressure =ear the model and of  the  f'omard  veloc- 
i ty ,   posi t ions,  end att i tude  of  the model are used to  define  the tes t  
conditions a t  blast encomter. A l l  Pressures obtained  in  the tests xere 
masured  as  increnents from t le  pressures  existing on the gages less 
than 1 millisecond  before  the  blest wave struck. 

t ions on the rrodel cac be recorded  by a telexetering system and the 

APPAR4TUS AND INSTZUM3NTS 

Blast Area  and &jor EquiTxent 

The erea a t  which the tests are conducted is  located  in  the  sand 
dunes north of the Langley P i lo t less   Ai rcraf t  Research Stet ion a t  Wellops 
Islama, Va., and consists of a control  center housed i n  a t r a i l e r ,  blast 
gages suitably mounted on po le s   t o   de t edne   t he   b l a s t   oveqres su re ,  
carnera tergets ,  and three  fixed  cm-ere  stations  used  to  record  the model 
speed,  position, and a t t i tude .  The general   hyout  is s'hown in   f igure  1. 
The control  center in the   t ra i le r   conta ins   the  groun-d te leneter   s ta t ion,  
the  test  prograner,  blzst-pressure  recorders,  tiners,  and  equipent for 

I raking  f inal   adjustments  to  the telemeter in  the rrodel. 

c Model 

The configuration of the model used i n  tke tests was  chosen prima- 
r i l y  beceuse  previous  experience had sho-wn it t o  b!ve good flying  quali-  
t i e s .  It is e. 1/20-scale model of e. DC-4 a imlane  modified to   the  extent  
thet   the  fuselage is 2. boCy of  revolution  and  that  the wing is momnted 
et zero  incidence End 3as an WCA 0009-64 section. A photograph of the 
m d e l  I s  shown in   f igure  2 and a three-view l i n e  drawizg i n  figure 3. 
The c h r a c t e r i s t i c s  of  the model are  as follovs:  

Weight, X, lb . . . . . . .  
Wing area,  S, sa f t  . . . .  
Wing loading, W/S , lb/sq f t  
Spm,  b, ft . . . . . . . .  
Meen geometric  chord, f t  . 
Airfoi l   sect ion . . . . . .  
Center-of-gravity  position, 
Pitching  mrrent of  i ne r t i e ,  

. 
. . . .  8 Aspect r a t io ,  b2/S 

. . . . . . . . . . . . . . . . . . .  31.56 . . . . . . . . . . . . . . . . . . .  3.72 . . . . . . . . . . . . . . . . . . .  8.48 . . . . . . . . . . . . . . . . . . .  5.95 . . . . . . . . . . . . . . . . . . .  0.626 . . . . . . . . . . . . . . . . . . .  9-51 . . . . . . . . . . . . . . .  U C A  0009-64 
percent xeec chord . . . . . . . . .  22 
slug-ft2 . . . . . . . . . . . . . .  0.619 
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As indicated  in  the  side view in  f igure 3, the  model was propelled  by a 

modified 2 i  - inch  aircraft   rocket xounted i n  the a f t  end of the  fuselage. 

A parachute was mounted i n  the fair:ng below the wing to  aid i n  retr ieving 
the nodel a f t e r   t he   t e s t .  

The model was constructed of glass   c loth and p l a s t i c  and was designed 
t o  withstand  launching and landing  loads rather than  to have scaled  struc- 
tu ra l   charac te r i s t ics   o r  weight. The wing was of built-up  construction 
with balsa ribs and thick glass-cloth and g l a s t i c  skLn except a t  the wing 
s t a t ion  17.87 inches from the center   l ine of the  fuselage, where e so l id  
r i b  was provided t o  encase 10 NACA miniatwe  electrical   pressure gages. 
The gages were arranged  as shown in   f igure  4 to  measure resultant  pres- 
sures a t   o r i f ice   loca t ions   f ron  5 t o  84 9ercent of  the  chord. The chan- 
nels from the o r i f i ce s   t o  the gzges were made of equal  Iength  to  ninimize 
differences  in  response  characterist ics.  For the first of the three 
f l i gh t s ,  a l l  of the gages were encased i n  a single  solid r ib  of p las t ic ,  
but  preliminary  f l ights bad loosened the sea l  around the gages so thet 
only f ive  vere   re l iable  a t  the time of the  Tlight. The p l a s t i c  rib was 
rexoved and e sp l i t  alurinum r ib  wi th  provisions  for  better  seellng was 
inserted  for  the subsequent f l igh ts .  

Instrumentstion 

The pressure gages i n  the wing were in   i cd iv idua l   osc i l la tor   c i rcu i t s  
whose frequency changed when pressure was q p l i e d   t o   t h e  gages. I n  turn, 
these  separate  frequencies modulated  an FM sip-a1 which was transmitted 
by t r a i l i n g  wire t o  the ground receiving  station. T1.e FM signal was 
unscrambled into 10 isdividual  outputs that were recorded  simultaneously 
on a tape recorder of 14-channel  cspacity, and a f t e r   t h e   t e s t  the chan- 
nels were played  back  individually  onto  oscillograph  records. The  com- 
plete  system has a response that is e s s e n t i a l l y   f l a t   t o  500 cycles  Fer 
secood and that is  useful  to 1,000 cycles per second. 

Two fixed  caxeras  (fig. 1) were used to  record the speed, a t t i tude ,  
and posit ion of the xodel. The caneras were operated a t  about 20 fraxes 
per second  acd recorded  the  position of the model on 70-mn? film. Both 
cm-eras were 140 f e e t  from the launching  position  of  the model. They 
were at the sane l eve l  and the axes of both were elevated a t  an engle 
of 15' with the horizontal. A t  each  shutter  opening, a r a rk  was recorded 
on 3 5 "  f ih  i n  a s t r ip  cexera in  the  control  center. On the saqe film, 
3OO-cps timing was recorded,  together w i t h  synchronization  pulses which 
t ied  the camera frames to  the  other  records  within an accuracy or" 
2 milliseconds. 

. 

Blast gages located as shown i n  figme 1 were used to  neasure  the 
side-on  Fressure due to  each blast. An NACA miniature  e lectr ical   pressure 
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gage munted, as shown in   f igure  5 ,  i n  t'ce center  of  an aluminu? disk 

units  vere momnted a t  en =@.e of 5' with  the  blast  z s  suggested i n   r e f -  - 
erence 1 to reduce  boundery-layer  efl'ects. The pressure gages were i n  
a   br idge  c t rcui t   u t i l iz ing 2 25-k~  carr ier  system. The output of the 
systen yas directed  to  a four-bean  oscilloscope and t o  the  tape  recorder. 
Photogrepha of the  fece of the  oscilloscope, takefi  by a 35-m s t r i p  cam- 
era,  recorded  the  output of  the tvo b l a s t  geges as well es synchroniza- 
t ion  imrks and  1,000-cps timing. The blast-measuring  system had a rise 
tine of 1 millisecond. 

- 18 inches in  diaKeter and 1/8 inch  thick comprised the blast gage. The 

Timing and Syllchronizatior! 

A 1,000-cps tuning-fork  oscil lator vas irsed as the primzry source 
f o r   t h i n g  on a l l  records.  SynchroEizztior-  pulses w e r e  sent  to  each 
record a t  l/lO-secord  iztervals,  .starting  within 1/10 second after f i r i n g  
the model. Although  timing  could  not be impressed d i rec t ly  on the 70-mm 
movie film, t h e  synchronizztion  pulses  flashed a neon bulb in  these cam- 
eras and also on the film of the  associated  strip  cexera.  When the  shut- 
ter of the  xovie camera wes open a t  the -Lime thet tke bulb  f'lashed, a 
park was  md,e  on 2 small portion of that Trece. CoEparison of' these 
Darks jzith those ,mde on the  str ip  canera  referenced  the movie franes   to  
the  other  records. . 

Programer 

Since  a n:mkter of' f'unctions,  such as  operation of the  recorders and 
cm,eras and Piring of the model m d  b k s t ,  hzd t o  be  perfom-ed  within a 
short  time interval ,  %. programr XES provided t o  take  over  the  operetions 
on a signal from e remote position. T'te prograner  cen  perforn  an  opera- 
t i on  a t  m y  of the  steps  avzilable - thet is, a t  -60, -45, -30, znd 
-15 seconds  an5  every  second thereaf te r   to  +g seconds - so that the  indi- 
vidual  operations can O C C E ~  ir? di f fe ren t  sequences  depending  on test  
requirenents. The blast must be f i r ed  so t h a t  t he   b l a s t  wave strikes 
the model when it is i n  a given  Position,  acd  the  tine steps provided i n  
the  prograner itself are too  coarse  to  provide  the  precise  tiniag  required. 
Accordingly,  the  rocket i n  the nodel is f'ired et  the  zero t k e  step on 
the  progrmer, and when the  Eodel  leaves  the ground it brezks a c i r c u i t  
which act ivates  e Celay ther .  This t i ne r  is set f o r  the time in te rve l  
equal  to  the  rocket b-urning time minus the tixe required  for   the  blast  
gave to  reach  the  nodel, and it f i r e s   t he   b l a s t  when the  interval  has 
elapsed. Aq overriding  safety  switch is provfded so tha t  ir- the  event 
of trouble,  the  operations c a ~  be  stopped a t  eny t ine.  

n 



NACA F34 L55E221; 

Tmee f l igh t s  were made a t  a velocity of about 110 feet per  second. 
The mdel WES trimed for  zero lift and laurxhed a t  1l0 with the ve r t i -  
cal .  The leunching  angle was selected so that at  rocket  burnout the 
model  would be flying  tangent t o  the shock f ron t  and the gust or mate- 
r i a l  velocity would be normal t o  the f l igh t  path, 86 i l l u s t r a t e d   i n   f i g -  
ure 6 .  On the f irst  f l ight ,   f ive  channels  of pressure  information from 
the  s ta t ions a t  3, 12, 19, 68, a l d  84 percent  of  the  chord were obtained, 
while e l l  10 charnels were aveila'ole for the-last two f l i gh t s .  

Blast-induced guts having maximum veloci t ies  of about 76 feet per 
second were produced  by the explosion of  hemispherical  charges of conpo- 
s i t i o n  C-3 weighing 150 pounds. The charges were Rounted 5.31 feet above 
the  ground and about 200 feet from the point  of  tangency  of  the  flight 
p a t h  oI' the  xodel wi th  the resu l tan t  shock front.  Preliminary tests 
shoved that, w i t h  the charge  located i n  this manner, the model  would be 
i n   t h e  Kech stern reglor End be subjected  to a single shock f ront  w i t h  
the result:ng gust  closely  approximating that from a 300-pound charge 
exploded i n  free air. The tine histories  of  gust  velocity were deter- 
xined by Rankine-Hugoniot shcek-mve  eqmtioos from es t i r a t ions  of the 
blast overpressure a t  the rnodel obtained  frox the time histories  of  over- 
pressure shown i n  figure 7. For the conditions  of this test (oveqres-  
sures well belov 7 lb/sq in.  ), t'nese equ6.tions closely  describe the flow 
behind the shock. Tne locetions of  t h e  gages  with  respect  to  the blests 
are also  given  in  the f igure and it should be noted that only one gage 
was operat ive  for   f l ights  1 and 3, while both  gages  gave  records i n  
f l i gh t  2. The records shown were faired t o  elFminate gage ringing. 
Knowing the var ia t ion of  overpressure  with  distance fron the  explosion 
point, which can  be  determined from curves of the tme shown i n  refer- 
ence 2, the overpessure  variatior? a t  the  xodel  could  be estimated. In  
table I, the conaitions a t  the tine of blast-wave a r r i v a l  are surlvnarized 
for each f l i g h t .  

I n  addi t ion   to  the free-f l ight  tests, e wind-tunnel investigation 
wes TEde i n  the Langley 300 W H  7- by  IO-foot  tunnel to   obtain the  steady- 
flow pressure dis t r ibut ions over the test wing chord for mgles  of a t tack  
from 0' t o  45'. These e s t s  were made a t  the  same speed as t h e  f l i g h t  
speed, bu t  uFper-  and  lower-surfece  presswes were measured separately 
a t  lk stations  along the  chord.  Data were obtained  every 2' up t o  er? 
angle of  &tack  of 18' 'and t k n  every 4' t o  m angle of attack  of 45'. 
L i f t ,  drag, and moment of the en t i r e  model were elso obtained for  the 
sane mgle-o?"atteck raoge and the r e su l t s  i n  coeff ic ient   forn are pre- 
sented  in  figure 8. 
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PIiECISlON 

T'ne reasured q u n t i t i e s  are estimated t o  be accurete withill  the 
follawing Iwits f o r  any test or  run: 

Forward velocity,   f t /sec . . . . . . . . . . . . . . . . . . . . . .  +3 
Overpressure,  percent . . . . . . . . . . . . . . . . . . . . . . .  +3 
Differential   pressure on model, Fercent . . . . . . . . . . . . . .  i 5  
Angle of attack, deg . . . . . . . . . . . . . . . . . . . . . . . .  k2 

The T i r s t  2 milliseconds of the wing pressu-re records  after blast 
e r r i v a l  are not  considered  to be of much value since  the  Kezsuricg  system 
is useble  only t o  frequencies  of 1,000 cps. 

Tie angle-of-ettack  variztion,  deternined  basically from the  varia- 
t ion  in  gust   velocity,  w a s  corrected  for wing f lexLbil i ty  and xodel zriotlon 
by calculations  involving  the  weight and pitching noment of the model end 
the I"u_dETental 'oenfiing frequency of the wing. T"he angle-of-attack varia- 
t ion caused  by  the gust, as obteined i n  one test ,  is sho-m as the  sol id  
l i n e   i n  f'igze 9. The deshed l i n e   i n  t h e  figure resresents  the estima- 
ted actual  angle-of-atteck change a t  the measuring station,  obtained by 
subtract i rg  t i e  calculated  angle-of-attack change due t o  t h e  motions of 
t h i s   s t a t ion  from the gust-angle change. Since  the  effects of the  notions 
of the rnodel are snall, er rors  due to  the  epproxirmtioos mAde i n  the cal- 
culations  hwe l i t t l e  effect ,   par t icular ly   in  the early  portions or" the 
tixe history where the gust angle is large. 

- 
RESULTS AND DISCUSSION 

Tine h is tor ies  or" the  diTferentia1  pressure et each  active gzge sta- 
t i o c  on the wing were eveluated for each  f l ight.  A sample t ine   h i s tory  
for  the  37-percent-chord  station is sho-m i n  figure 10. Chordwise dis- 
t r ibut icns  OF the   resu l ta t   p ressure   coef f ic ien ts  were obtained from the 
time his tor ies  of resultant pressu-ze a t  each e g e   s t a t i o n  for each flight. 

of 1 millisecond,  starting 3 milliseconds  after blast e r r i v d .  The v&lues 
of  dynmic  gressure  used i n  co-nputing the  pressure  coefficients from the 
pressure  results were based on the resul tsnt   veloci ty  and air density 
caused by the  blast-lnduced gust. In the  present  cese  the gust  ceused 

initFal  fostantm-eous  increase  in the dynamic pressure of  ebout 45 per- 
cent. The values  given i n  the figure legends for angle of attack  and dis- 
tance  trzveled after blast a r r i v a l  are averages for the three f l i gh t s .  

n Lhese dis t r ibut ions are presented  in  f igures l l ( a )  t o  l l ( r )  e t  increznents 

Exednetion of figure 11 shows thet the results f ro3  the three 
fli-ghts ere consistent  to  the  degree  that   the  reliabil i ty of the  techrique 
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is believed  established. Except i n  figures l l ( g )  and l l ( h ) ,  where there 
are  obviously sone questionable data points   for   ? l ights  2 and 3, a region 
of high  negative  pressure  coefficient is indicated which moves along  the 
chord with  t ine and passes beyond the range cf the  reamost measuring 
point  after  about 18 milliseconds have elapsed. During t h i s   t h e   t h e  
a i r f o i l  has moved forvard 3.2 chord lengths, so it is apparent that the 
m0verr.en-k of the  pressure  area was not   direct ly   re la ted  to   the Porward 
speed  of the  nodel.  This  xovlng  pressure  region i s  believed  to  be  of 
significance for the  high  angle-af-attack  case. It is thought t o  be due 
to  the  influence of a vortex -passing  over  the  upper  surface of  the wing. 
T M s  vortex,  in t u r n ,  is believed  to  be  forxed  at  tlie  leading edge on 
t3e upper surface of the   z i r fo i lby   the   d i f f rac t ion  of the shock wave as 
it passes   over   the  a i r foi l   in  a direction  noma1  to  the chord l i n e  of 
the  xing.  This  gremise is based i n   g a r t  on shock-tube investigztions  of 
the type  regorted  in  reference 3, where interferogram show the  forxation 
of a vortex w3en e shock weve passes  over a bluff body. 

Single  pressure  distributions  for each millisecond  after blast 
a r r iva l  were obtained by simple  averaging of the  data from the three 
f l igh ts .  For conparison  with these experimntal  results,   pressure  dis-  
tr ibutions for steady-flow  conditions were determined from the wind- 
tunnel   tes ts  for the corresponding  mgles of  attack.  In  addition,  pres- 
sure  distributions were calculeted  for each  angle of attack by the method 
of reference 4 from data  given in  reference 5.  This rrethod u t i l i z e s  
potential-flow  concepts and the  results  represent  the  pressure  distribu- 
tions f o r  ,the unstalled  condition w i t h  the flow  rerraining  attached t o  
the   a i r fo i l .  The two-dimensional slope of' the l i f t  curve, 271 per  radian, 
wzs used i n  the  calculations. No consideration was given t o  unsteady 
l i f t   in   the  calculat ions.   Figures   12(a)   to  12(r) present  the  pressure 
distributions  obtained  by  the  three  different methsds and show that the 
Plight   resul ts  are not  predicted  by  either  the  wind-turnel  investigation 
or t h e  potential-flow  calculations. It appears  that  the  traveling  vortex 
modifies  the  flow  over  the wing so tlmt neither  the  separated flcw indi- 
cated  by  wird-tunnel  tests  nor  the  attached flow essmed  in  the  calculz- 
tions pedominates.  Inspection or" the  f igure shovs that the naximum 
value  of  the  pressure  coe3icient due t o  +,he vortex is always above the 
potentiel-flow  line. 

. 

Xormal-force coefficients on the wing chord investigcted were deter-  
mined  by fntegration of the  resultsnt  pressure-coefficient  distributions 
of figure 12. The results a re  shown i n  figure 13 plotted  against  angle 
of  attack. The time  sequence  of the  curves is from high t o  low angle of 
attack, and the  points for the   f l ight   data  which s t a r t  3 milliseconds 
a f te r   b las t   a r r iva l   a re   separa ted  by tiKe intervals of  1 millisecond. 
For about 12 milliseconds  after blast a r r i v a l ,  the nomal-force  coeffi- 
c ient  is about  twice that obtained from the  wind-tunnel tests. The 
f l igh t   da te  %ken fell off  xntL1  they  are  belox  the  wind-tunnel  data, 
azd  they  cross  the  zero axis while  there i s  s t i l l  an  icdicated  angle of 
attack of about 4'. 



A possible  explanation For the large  differences  noted  in figure 13 between 
the   f l igh t  tests and wind-tunnel tests is that the floTw on the upper sur- 
face of the King legs  behind the change i n  angle or" attack.  Since  steady 
flow exis t s  on the wing before tt is struck by the blzst gust,  about 
3 chord lengths of  travel  are  required  for  coxplete  separation  to  occur 
(assuming the  pressure peek to  be associated K i t h  the separation). 
During this tire, it seem reasonsble that the  loed is  higher  than  the 
win6-tu-rln-el h t e ,  where complete separstion  exists f o r  the sm-e m g l e  
of ettack.  Just  about  the time tkt  the  separation is complete, the 
angle of attack falls below the wind-tunnel s ta l l  angle  and,  since  the 
flow is separated ar-d must reat tach i tself ,  the load is less t k n  the 
unstalled  wind-tumel datz.. 

I 

Figure 14 presents  the rnorint coefficients  about  the  q-urter-chord 
point  of the a i r f o i l  as e -function of angle of' at tack,  as determized 
from the f l i gh t  and  wind-tunnel t e s t s .  Once again  the tixe sequence is 
fron r ight  t o  lef t .  It is inmediately  apparent that the ? l igh t   resu l t s  
differ  considerably from the wind-tunnel resul ts   both  in   mgnitude and 
direction. The e f fec t  of the traveling  high  neg&tive  pressure area is 
shown a t  the high  angles  of  attack by the f a c t  that the curve first indi- 
cates  positive  nmr-nts  and  then  crosses  over  to  nesative rnomeots as the  
press-me  region moves aft.  As 2 matter of in te res t ,  the momnt coeffi-  
c ien ts   a re   a l so  shown in   f igure  17 plot ted  against  the nomal-force 
coefficient.  

. 
In  the Zpplicatioc of the results of these tests  to  conditions  of 

larger   scale  acd higher  spzeds,  certair-  reservations must be kept i n  

of the vortex  fornation when t h e  blast -wave is diffracted  aromd  the air- 
f o i l   m d e r  the new conditions. In the present  case a vortex  apparently 
was fo-md,  but  additional  tests w i l l  be required  to estzblish the param- 
eters governing its Tormation and strength.   Until  such tk-e as test  
results are available,  shock-tube  investigations  such as described  in 
references 6 and 7 m y  be used to   gzln soxe idea 03 the  influeme  of 
Reynolds number and changes i n  shock s t rength OT? the  vortex  fornition 
over  sharp-edged  bodies. 

- mind. Perhaps the most important  of  these is the question  of  similarity 

The results of the low-speed iovestigation t o  determine  the Dres- 
sure   dis t r ibut ioc on one chord of a wing for  an  angle-of-attack chenge 
-Lo zbout  four tisnes %he angle et stall, caused by a blast-induced gust, 
showed that stezdy-flow  wind-tunnel tests and  potential-flow  celcula- 
t ions are inadequate t o  predict  the loads  for this condition. For the  
First 12 nillisecor-ds after blast a r r iva l ,   o r  f o r  about 75 percent of 
the tixe the angle of &tack was above the stall, the normal-force  coef" 
f i c i en t  w s s  about  twice that predicted by wind-tunnel t e s t s .  A t ravel ing 
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peak of pressure was found tha t  was at t r ibuted t o  a vortex caused by the 
d i f f m c t l o r  of the Slast E v e  arow-d the wing. Further  tests w i l l  be 
required t o  es tabl ish  the paranreters  governing  the  formation and strength 
of t h i s  vortex and to  deterxine i f  it is ixportant a t  higher  speeds and 
Reynolds mrkers .  

Langley Aeronautical  Laboratory, 
Kational  Advisory Committee f o r  Aerocautics, 

langley  Field, Va. , August 9, 1955. 
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Maximnx overpressure, 
Maxim &st velocity.  

TABU I. - TEST CONDITIONS 

Fl ight  1 
lb/sq in. . . . . . . 1.4.0 

'. ft/sec . . . . . . . 75.0 
Ar?gle between flight ;3et'n and gust,  deg . . 90 
Forward velocity of model, f t / s ec  . . . . . 115 
Maxixum angle-of-attack change, deg . . . . 33.1 
Duratior- of gust, milliseconds . . . . . . 25.2 
Distance of model f r o 3  blast, f t  . . . . . 196.3 

Y F  
76.5 

90 
111 
34.6 
26.2 

2co. 0 Y 
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Figure 1.- General view of blast area. 



E 
i .  
! ,  

I 

i 

- 
. " . .  

Figure 2. - Photograph of model. 
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Figure 3. -  Tkree-view drawing of  test model. 
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Figure 4..- Pressure-gage installation in wing. 
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Figure 5.- Photograph of blast gage. L-85041 



SHOCK FRONT 

Figure 6.- Conditions a t  time of shock-front arrival. 
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Figure 7.- Time histories or overpressure. 
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Figure 8.- Results of force tests in wind tunnel. 
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Figure 9.- Angle-of-attack variation. 
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(a> Tirce, 3 millisecocds; a = 28.4'; distance, 0.33 chord. 

(b) Tine, 4 milliseconds; a = 26.6O;  distance, 0.71 chord. 

Figure 11.- Chorcwise  pressure  distributions  obteined from the  three 
f ltghts . 
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(c ) The, 5 xilliseconds ; u = 25.0'; distance, 0.89 chord. 

(dl Tine, 6 milliseconds; a = 23.b'; distance, 1.07 chords. 

Figure 11. - Continued. 
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(e) Tim, 7 milliseconds; a = 21.5'; distance, 1.24 chords. 

(f) T h e ,  8 milliseconds; a = 19.g0; distance, 1.42 chords. 
7 .  -H lgure 11. - Continued. 



26 

-10 

-0 

-6 

-4 

-2  

0 

+2 

-10 

-8 

-6 

-4 

-2 

0 

+2 
Wing chord, percent 

( g )  Time, 9 milliseconds; a = 18.6'; distence, 1.60 chords. 

(h) T h e ,  10 millisecords; a = 16.9~; distance, 1.78 chords. 

Figure 11. - Contimed. 
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Figure 11. - Cont inlJed. 
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(k) T h e ,  13 milliseconds; CG = 12.5'; distance, 2.31 chords. 

( 2  1 Time, 14 rrilliseconds; a = ll.Oo; distance, 2.49 chbrds. 

Figure 11.- Continued. 
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(E) Time, 15 milliseconds; a = 9.7O; distence, 2.67 chords. 

(n) Tkre, 16 milliseconds; a = 8.5O; distance, 2.84 chords. 

Figure 11.- Continued. 
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(0) Tixe, 17 nillisecocds; a = 7.2O; distance, 3.02 chords. 

(p) The, 18 milliseconds; a = 6.2O; distance, 3.20 chords. 

Figure 11.- Continzed. 
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(9) Tine,  19 milliseconds; a = 4.8'; distance, 3.38 chords. 

(r) T h e ,  20 milliseconds; a = 3.8O; distance, 3.56 chords. 

Figme 11. - Corciuded. 
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(a) Tine) 3 xilliseconds; a = 28.4'; distance, 0.53 chord. 

(b) Tixe, 4 milliseconds; a = 26.6"; distance, 0.71 chord. 
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Figure 12.- Coxparison of chordxfse  pressure  distributions  obtained from 
flights,  calculations,  and wind-tunnel tests. 
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(e) Time, 7 milliseconds; a = 21.5'; distance, 1.24 chords. 

(f) Time, 8 milliseconds; a = 19.g0; distance, 1.42 chords. 

Figure 12. - Cont hued. 
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( E >  T h e ,  9 milliseconds; a = 18.6O; distance, 1.60 chords. 

(h) The, 10 millisecoods; a = 16.9O; distance, 1.78 chords. 

Figure 12. - Continued. 
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(i ) Time, 11 rnilliseconds; a = 15.4'; distance, 1.96 ckioras. 

( j  ) Time, 12 niiliseconds; a = 13.83; distance; 2.13 chords. 

Figure 12. - Continued. 
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(k) The, 13 milliseconds; a = 12.5'; distance, 2.31 chords. 

( 2 )  Time, 14 milliseconds; a = ll.Oo; distance, 2.49 chords. 

Figure 12.- Continued. 
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(x) Time, 15 milliseconds; CL = 9.T0; distence, 2.67 chords. 

(n) The, 16 rcilliseconds; a = 8.5O; distence, 2.84 chords. 

Figxe 12.- Continued. 
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Figure 12.- Continued. 
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Figne 12. - Concluded. 
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Figure 13.- Conperison of noml - fo rce  coefficients obteined from flight 
and wind-tunnel t e s t s  as a -tur?ctioo of sngle,of attack. 
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Figure 14.- Comparison of moment coefficlents  obtained from f l ight  and 
wind-tunnel tests as a function of angle of' attack. 
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Figure 15.- Comparison of moment coefficients  obtained from f l igh t  and 
wind-tunnel as a f'unction of normal-force coefficient. 
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